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Field gf the Invention 

The invention relates to systems using coded particles. More particularly, the 
Invention relates to systems using coded particles for multiplexed analysis of biological 
samples or reagents, in which the codes on the particles are at least partially defined by 
light-polarizing materials. 

BackciriDund of the Invention 

Coded particles enable formation of positionally flexible arrays for multiplexed 
analysis of samples and risagents. Such coded particles may include a code portion and 
art assay portion. The code portion defines an optically detectable code for tracking and 
identifying each particle in a mixture of particles. The assay portion provides a region for 
performing an assay and for detecting an optical outcome of the assay. Accordingly, the 
code and assay portions should not interfere optically with one another. One approach 
to avoid optical interference is to spatially segregate the code and assay portions, so 
that each may be detected separately. However, spatial segregation may not be 
sufficient in some cases, for example, when the code and assay portions have similar 
optical properties. In addition, spatial segregation may be undesirable because it 
increases the size of the particles or reduces the space on each particle for performing 
assays. 

Summarv of the Invention 

The invention provides systems using coded particles for multiplexed analysis of 
biological samples or reagents, in which the codes on the particles are at least partially 
defined by light-polarizing materials. 



Brief Description of the Drawings 

Figure 1 is a top plan view of a particle having a polarization code defined by a 
light-polarizing material, in accordance with aspects of the invention. 

Figure 2 is a sectional view of the particle of Figure 1 taken generally along line 
5 2-2 in Figure 1. 

Figure 3 is sectional view of a particle with a polarization code that is covered by 
a cladding, in accordance with aspects of the invention. 

Figure 4 is a sectional view of a particle with a patterned polarization layer 
supported between a substrate and a cladding layisr, in accordance with aspects of the 
10 invention. 

Figure 5 is a plan view of a polarization-coded particle having a coding portion 
that is polarizing and a distinct noncoding portion that is nonpolarizing, in accordance 
with aspects of the invention. 

Figures 6A-F are fragmentary sectional views of a support plate (A), intermediate . . 
15 structures (B-E), and final particles (F) produced using a method for fabricating plural 
particles having polarization codes, in accordance with aspects of the invention. 

Figure 7 is a schematic view of a system for measuring polarization codes and 
assay results, in accordance with aspects of the invention. 

Figure 8 is a schematic riepresentation of data that may be obtained by 
20 illumihatihg polarization codes on particles using light with different planes of 
polarization, in accordance with aspects of the invention. 
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detiailed Description of the Invention 

Systems, including methods, apparatus, kits, and compositions, are provided for 
multiplexed analysis using coded particles having codes defined at least partially by 
light-polarizing material. Light-polarizing material may facilitate forming a polarization 
5 code that is detectable with polarized and/or nonpolarized light. Accordingly, 
polarization codes may be detected with polarized light but may be substantially 
transparent for multiplexed analysis of samples using nonpolarized light. Therefore, 
polarization codes may produce less optical interference when detecting assay results. 
As a result, polarization Codes may be disposed in an overlapping relationship with an 
10 assay portion of each particle, thereby providing a larger region for sample analysis on 
the particle. 

Figures 1 and 2 shows plan and sectional views, respectively, of a particle 10 
having an optical code 12 defined by the distribution of a light-polarizing material. 
Particle 10 includes a substrate 14 made of, or including, material 15 with linear light- , 

15 polarizing properties. Substrate 14 may have flat surfaces 16, 18 to form a generally 
planar particle with a rectangular cross^sectional shape. Alternatively, substrate 14 may 
have any other suitable cross-sectional or three-dimensional shape. For exemplary 
purposes, a substrate of a generally rectangular shape with rounded corners is shown. 
Further aspects of particle shapes, sizes, materials, and surfaces that may be suitable 

20 are described in more detail in the patents and patent applications Identified in the 
Cross-References and incorporated herein by reference, particularly U.S. Patent 
Application Serial No. 10/273,605, filed October 18, 2002. 
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Any suitable material having linear light-polarizing properties may be used in 
particle 10. In some embodiments, the polarizing material has optical properties that do 
not interfere with optical analysis of sample characteristics using non-polarized light. For 
example, the polarizing material may show little fluorescence or absorbance at the 
5 wavelength at which assay results are detected. Alternatively, or in addition, as 
described bielow, the polarizing material may be restricted to a coding portion of the 
particle. An exemplary polarizing material is a synthetic linear-polarizing material with 
aligned long-chain polyrfiers, such as polyvinylene, which is manufactured by 3M, Inc., 
and which has part number HN-32. 

10 Code 12 of particle 10 may be defined by nonpolarizing regions 20 of substrate 

14. Each nonpolarizing riegion 20 may define a code element 22 of code 12, for 
example, based on the nuniber, position, shape, size, etc. of the nonpolarizing region. 
In other embodiments, code elements 22 may be able to polarize light, while other 
regions of substrate 14 may lack the ability to polarize light. Furthermore, polarizing or 

15 nonpolarizing code eleriients may be combined with Optically distinct code elements, 
such as code elements that absorb, emit, reflect, and/or refract light distinctively, among 
Others. Further aspects of suitable codes and code elements that may be defined by 
polarizing and nonpolarizing regions alone, or in combination with other code elements, 
are described in riiore detail in the patents and patent applications identified in the 

20 CrOss-References and incorporated heroin by reference, particulariy U.S. Patent 
Application Serial No. 10/273,605, filed October 18, 2002. 

Code 12 may be fabricated by localized modification of the light-polarizing 
properties of substrate 14. Such modification may be achieved by localized removal of 
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substrate material. Alternatively, or in addition, the modification may be carried out by 
randorhizihg the orientation of, and/or at least partial destruction of, polymers that 
constitute the polarizing material. Exemplary techniques for localized modification may 
include dry or wet etching, or laser ablation, among others. 
5 Figure 3 shows a sectional view of another particle 30 having a code 12 defined 

by light-polarizing material. Particle 30 may include a cladding 32 that covers one or 
more surfaces, or all surfaces, of substrate 14. Cladding 32 may provide, for example, 
protection from mechanical and/or chemical damage, and/or may impart strength or 
structural rigidity, aniong others, to particle 30. Material used to form cladding 32 may 

10 lack polarizing properties and may be optically transparent or at least optically 
nonihterfering when reading the code and/or measuring assay results. 

Figure 4 shows a particle 50 having a patterned film or layer 52 with light- 
polarizing properties to define a code 54 having code elements 56. Code 54 may be 
defined by removing or depolarizing selectied regions, such- as region 58 of polarizing 

15 layer 52, to define code elements 56. 

Particle 50 may include a support structure 60 on or in which polarizing layer 52 
is attached or embedded. Here, support structure 60 includes a substrate 62 upon 
which polarizing layer 52 is fonned and/or attached. In some embodiments, a cover or 
cladding layer 64 may be attached to substrate 62 to substantially enclose and protect 

20 polarizing layer 52. Cover 64 may form a flat or planar surface to planarize the particle 
above polarizing layer 52. This may compensate for unevenness produced by 
patterning polarizing layer 52. The cover may be fomried of a material that Is similar to, 
or distinct from, substrate 62 and/or cladding 32 (see Figure 3). Substrate 62 and/or 



6 



cover 64 may be formed of a material with suitable optical properties, such as low light 
absorption in the wavelength range used for reading codes and/or measuring sample 
characteristics. Suitable substrate materials may indlude glass, plastic (PMMA, PEMA, 
etc.), and/or the like. Other substrate materials that may be suitable are described in 
5 more detail in the patents and patent applications identified in the Cross-References 
and incorporated herein by reference, particularly U.S. Patent Application Serial No. 
10/273,605, filed October 18, 2002. 

Material to form polarizing layer 52 may havfe linear pblafizatioh properties in the 
wavelength range of visible light used for coded particle detection, and low light 

10 absorption in other wavelength ranges. As an example, a thin-film polarizing material, 
Black or Violet LCP, may be used. Black or Violet LOP is based on self-orientihg 
sulfonated dye molecules and is produced by Optiva, Inc. (San Francisco, USA). The 
code pattern in polarizing layer 52 may be fabricated by localized modification of the 
layer's light-polarizing properties, as described above for particle 10 of Figures 1 and 2. 

15 In some embodiments, particles with polarizing codes may include plural layers 

6f material with light-polarizing properties. For example, one or more additional 
polarizing layers may be Ideated over a first polarizing layer, over a cladding layer 
disposed over the first polarizing layer, and/or on a surface of the substrate that 
opposes the surface dh which the first polarizing layer is disposed. These additional 

20 polarizing layers may be patterned as described above for particle 10. In some 
embodiments, plural polarizing layers may be patterned simultaneously, for example, 
when laser ablation is used for patterning. 
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The polarizing plane of additional polarizing layers may be oriented as suitable 
relative to the polarizing plane of the first polarizing layer. In some embodiments, the 
polarizing plane of a second polarizing layer may be substantially parallel to the 
polarizing plane of the first polarizing layer. This arrangement may improve the 
accuracy of rieading the code, because the second polarizing layer may mininiize 
transmission of nonpolarized light due to imperfections in the first polarizing layer 
caused by physical or manufacturing defects, such as pores, pinholes, particles, 
scratches, etc. Accordingly, the transmission Of nonpolarized light from a double layer of 
similafly oriented polarizing material may be reduced significantly. In other 
embodiments, the polarizing plane of a second polarizing layer may be oriented 
substantially perpendicular to the polarizing plane of the first polarizing layer. In these 
cases, the particle may exhibit high optidal contrast in transmitted light because the two 
layers may substantially block all light transniission at wavelengths for which the 
polarizing layers are effective. Furthermore, code elements at positions where both 
layers have been removed or modified may be detected independent of particle 
orientation and without the use of polarized light. However, if the light-blocking double 
layer is included in the assay portion of the particle, sample detection only may be 
possible from one side of the particle, for example, by fluorescence excitation/emission. 
This limitation may affect sensitivity or flexibility of sample analysis. 

A second polarizing layer may be protected by a first or second cladding layer or 
cover, as described above for Figure 4. The outer surface of the cladding layer may 
define a flat exterior surface, so that the cladding layer is planarized. 
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In some embbdiments, a polarizing layer may not extend to an edge of the 
particle. For example, polarizing material of polarizing layer 52 is spaced from the edge 
of particle 50, as shown at 66 (see Figure 4). this arrangement may promote hermetic 
and/ot fluidic sealing of polarizing layer 52 by support structure 60 and may provide 
5 more reliable and robust protection from harmful ambient conditions. 

In some embodimentSj at least one polarizing or cladding layer may be colored. 
Such a colored layer may help to distinguish different types of particles visually and/or 
may contribute to the code. 

Coded particles with polarization codes may have any suitable dimensions. In 
10 some embodiments, the substrate may have a thickness of about 0.01-1 mm, the 
polarizing layer(s) a thickness of about 0.1-100 microns, and the cladding layer(s) a 
thickness of about 1-300 microns. 

Figure 5 shows a particle 70 having a light-polarizing coding portion 72 and a 
hbncodihg portion 74 that does not polarize light. Coding portion 72 may occupy only a 
15 subset of particle 70 to define code 76. Accordingly, only a portion of the particle may 
show polarization-dependent optical properties. Assay results may be detected from the 
whole particle or only from noncoding portion 74. Coding and noncoding portions or 
regions are described in more detail in the patents and patent applications identified in 
the Cross^References and incorporated herein by reference, particulariy U.S. Patent 
20 Application Serial No. 10/273,605, filed October 18, 2002. 

Figure 6 shows an exemplary method for fabricating particles having polarization 
codes. Individual particles may be fabricated on separate substrates, or plural particles 
may be produced together using a progenitor sheet that is cut or othenwise divided to 



9 



form plural individual particles, termed singulation. The latter method may be more 
effective for mass production of the particles, and, thus, exemplary manufacturing 
intermediates for such a method are depicted in Figures 6A-F. 

Figure 6A shows a plate 80 that may be used to support particle intermediates on 
a planar surface of the plate during particle fabrication. An exemplary material for plate 
80 is glass or steel, although any suitable materials may be used. 

Figure 6B shows a substrate sheet 82 supported by plate 80. Materials for 
substrate sheet 82 (such as PMMA, PEMA, etc.) may be applied to plate 80, for 
examplfe, by laminating a filrih or drawing a liquid material (such as a melted material or 
a priBpolymer solution). When applied as a liquid, the liquid may be dried, solidified, 
and/or cured following application. Accu-Lab Drawdown Machine, Part# DP-1240, 
manufactured by Paul N. Gardner Company, Inc., may be used for fomning and/or 
applying substrate sheet 82. 

Figure 6C shows substrate sheet 82 after application of a layer 84 of polarizing 
material. Polarizing layer 84 may be applied on a top surface of substrate sheet 82 by 
any suitable method, Including lamination of a polarizing material sheet (e.g., 3M, Inc.) 
and/or by application of liquid polarizing material (e.g., Optiva, Inc.), followed by drying, 
solidifying, and/or curing. 

Figure 6D shows polarizing layer 84 after patterning to define nonpolarizing 
regions 86. Nonpolarizing regions 86 correspond to regions of localized removal or 
modification of polarizing layer 84. Such regions may define code elements that form a 
code or areas that bound code elements. Polarizing layer 84 also may be removed near 
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future particle perimeter 88, for example, to allow polarizing layer 84 to be fully enclosed 
within the particle in a subsequent step. 

Polarizing layer 84 may be patterned using any suitable method, such as 
photolithography with dry or wet etching, and/or by laser ablation, among others. Since 
the material of substrate sheet 82 may be chosen to have little absorption of light within 
the range of wavelengths of polarization of polarizing layer 84, patterning may be 
effective using a laser having a wavelength within the range of polarization of the 
polarizing rtiaterial. Such a laser may direct ablation of the polarizing material that is 
highly selective and self^stopping in this case. It also may be beneficial to choose 
material of plate 80 having low absoi-ption of light within the wavelength range of 
polarization of the polarizing layer 84. As an example, a green laser (LE-100 GB, 
rtiahufactured by RMI, Lafayette, CO), with an output wavelength of 532 nm and output 
power of 2.5W, has been found to be effective for patterning Black LCP thin-film 
polarizing material (Optlva. Inc.), which polarizes light in the 400-700 nm range, the 
materials of substrate sheet 82 and plate 80 may be sielected to be transparent for this 
wiavelength. 

Figure 6E shows substrate sheet 82 and polarizing layer 84 covered with 
cladding layer 90. Cladding laiyer 90 (such as PMMA, PEMA, etc.) may be applied over 
polarizing layer 84 and nonpolarizing regions 86 by any suitable method, such as 
laminating a plastic sheet to substrate sheet 82 and/or polarizing layer 84, and/or by 
drawing liquid material (such as a melted material or a prepolymer solution, among 
others), followed by drying, solidifying, and/or curing. Cladding layer 90, when applied 
by a drawdown machine, may define a substantially flat or planar exterior surface due to 
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flowing and filling recessed rionpolarizing regions 86, where polarizing layer 84 has 
been removed. 

Figure 6F shows substrate sheet 82 and attached layers after they have been cut 
to form individual particles 92. Substrate sheet 82 and cladding layer 90 may be cut at 
regions shown at 94 by any suitable method, Including mechanical cutting, chemical 
etching, and/or with a laser, among others, to provide singulation of individual particles. 
A CO2 laser with an output wavelength of 10.6 microns and a power of 12W (Venus 
Desktop Engraver, ILaserPro, Inc.) may be effective for cutting PMMA or PEMA due. for 
example, to efficient absorption of light from this laser by these materials. However, 
plate 80 may be transparent at this same wavelength. Particles 92 may be separated 
from plate 80 using any suitable method, including mechanically (that is, peeled-off) 
and/or by soaking in a solvent until they are detached, among others. 

Figure 7 shows an exemplary system 110 for reading polarization codes on 
particles 112 randdmly distributed on a surface 114. System 110 may be used to carry . 
out a method for detecting the codes. The method may include acquiring at least two 
images of suiface 1 14 and particles 1 12 using a camera 116 and transmitted light from 
a light source 118 linearly polarized by a polarizing filter 120. The polarization plane of 
light during one image acquisition may be substantially nonparallel to the polarization 
plane of light during anbthei- image acquisition. Such changes in the polarization plane 
may be achievfed by altering the polarization of polarizing filter 120, for example, by 
swinging or rotating the filter using a motor 122 synchronized with camera 116 by a 
computer/controller 124. In preferred embodiments, the polarization plane of light during 
one image acquisition is substantially perpendicular to the polarization plane of light 
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during another image acquisition. Tfiis may achieve the highest optical contrast. The 
method also may include combining at least two images of surface 114/particles 112. 
The step of combining may be carried out by additioh or multiplication of the images or 
by any other suitable mathematical methods of image enhancement. The method also 
may include recognizing an image of the particle code. Optics 126 may be used to 
measure a characteristic of samples associated with particles 112, for example, 
fluorescent signals as shown here. 

In some embodiments, a method of detecting polarization codes may include 
illuminating surface 114 (and randomly oriented particles 112) using lineariy polarized 
light, for which the light polarization plane is rotated with frequency of F revolutions per 
time unit. Changing the polarization plane of light may be achieved by rotating or 
othenwise altering polarizing filter 120 with a constant speed of F revolutions per unit 
time by motor 122. At least two images of surface 114 and particles 112 may be 
acquired by camera 116 with sequential imagie acquisitions being spaced by a time 
interval or increment that is substantially different from 0.5*(1/F)*k, where k is an 
integer, and where the asterisk denotes multiplication here and below. This approach 
may not require synchronization of the camera with orientation of the polarizing filter 
and may simplify implementation of the method. In preferred embodiments, sequential 
image acquisitions are performed at time increments that are substantially equal to 
0.5*(1/F)*(0.5*n+k), where n is the number of the image in the sequence, and k is an 
integer. This approach may provide the highest optical contrast after combining at least 
two images of surface 1 1 4/particles 1 1 2. 
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In some embodiments, more than two images may be acquired. In this case, 
subsequent image acquisitions may be performed at time increments that are 
substantially equal to 0.5*(1/F)*(0.5*n/m+k), where n is the sequential number of the 
image* m Is the number of images, and k is an integer. Combination of all m images 
may provide high optical contrast of the particle codes independent of particle 
orientation. 

Figure 8 shows combination of acquired images to achieve high optical contrast. 
Particles 150, 151 with different codes 152 and 154, respectively, are oriented randomly 
relative to their planes of polarization. Graphs (a) and (b) show schematic 
representations of two images that might be acquired for the particles. For simplicity, the 
images are shown here as one-dimensiohal distributions of transmitted, linearly 
polarized light. The light has ah intensity (I) from an indicated coding axis or coding 
plane of each particle defined by the code elements, which has been plotted along the 
X-axis of each graph. Graph (a) shows intensity lo as a function of position along the 
particle coding axis, where intensity has been acquired with a zero-degree orientation of 
light polaiizatibn. With this orientation of polarization and particles, code 152 of particle 
150 is only slightly above background, whereas code 154 of particle 151 contrasts more 
strongly with background. Graph (b) shows intensity Igo as a function of position along 
the particle coding axis, where intensity has been acquired at a ninety-degree 
orientation of light polarization relative to graph (a). Note how this orientation of 
polarization produces better contrast for code 152 than code 154. Accordingly, image 
recognition of the particle codes using only one image, for example, as represented by 
graph (a) or graph (b), may not be efficient due to low optical contrast of some particle 
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images. Therefore, combining images may improve contrast. For example, graph (c) 
shows combining the two images of graphs (a) and (b), acquired with different 
polarization orientation, into one image corresponding to the product of the intensities 
(Io*l9o) as a function of position, this approach may provide equally high optical contrast 
5 for every particle, as shown here, and nriay allow efficient image recognition of all 
particle codes independent of physical orientation of the particles on a surface. 

Combination of two or more images acquired with different orientations of light 
polarization may allow differentiation between the contrast crieated by the code and the 
contrast created by other objects (e.g., debris), even if the latter is higher than the 

10 fomrier, assuming that the other objects are ndnpolarizing, which typically is the case. 

Particles with polarization codes may be used in any suitable assay, with any 
suitable samples and reagents, and with any suitable detection methods. Exemplary 
samples include distinct cell populations, and exemplary assays include library screens 
of candidate cell modulators, such as drug screens. Suitable assays, samples, 

15 reagents, and detection methods are described in more detail in the patents and patent 
applications identified in the Crdss-Referehces and incorporated herein by reference, 
particularly the following U.S. patent applications: Serial No. 10/120,900, filed April 10, 
2002; Serial No. 10/273.605, filed October 18, 2002; and Serial No. 10/282,904, filed 
October 28, 2002. 

20 Selected Embodiments 

This section describes selected embodiments of the invention, presented as a 
series of indexed paragraphs. 



1 . A particle with an dptically recognizable code comprising a substrate, part 
of which has light polarizing properties in accordance with a code pattern. 

2. The particle of paragraph 1 , comprising a substrate; at least, one side of 
the substrate is covered with, at least, one layer of a material with light polarizing 
properties; a part of the substrate is cleared of the polarizing material in accordance 
with a code pattern. 

3. The particle of paragraph 2, wherein the substrate is made of a material 
with low light absorption in the wavelength range used for coded particle detection. 

4. The particle of any of paragraphs 1-3, wherein the polarizing material is 
chosen with linear light polarization properties in the light wavelength range used for 
coded particle detection and low light absorption in the other light wavelength ranges. 

5. The particle of any of paragraphs 1-4, comprising, at least, one cladding 
layer over the polarizing Isiyer. 

6. The particle of any of pai-agraphs 1-5, wherein the cladding layer(s) of 
material is (are) extended over the part of the substrate cleared of the polarizing layer. 

7. The particle of any of paragraphs 1-6, wherein the outer surface of the 
cladding layer is planarized. 

8. The particle of any of paragraphs 1-7, wherein the cladding layer is made 
of a material with low light absorption in the light wavelength range used for coded 
particle detection. 

9. The particle of any of paragraphs 1-8, comprising the second layer of a 
material with polarizing properties. 
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10. The particle of paragraph 9, wherein the second polarizing layer is located 
over the first cladding layer. 

1 1 . The particle of paragraph 9, wherein the second polarizing layer is located 
over the second side of the substrate. 

12. The particle of paragraph 10, wherein the polarizing plane of the second 
polarizing layer is substantially parallel to the polarizing plane of the first polarizing 
layer. 

13. The particle of paragraph 10, wherfein the polarizing plane of the second 
polarizing layer is substantially perpendicular to the polarizing plane of the first 
polarizing layer. 

14. The particle of any of paragraphs 9-12, wherein a part of the substrate is 
cleared of the second polarizing layer. 

15. The particle of paragraph 14, wherein the pattern of the second polarizing 
layer substantially coincides with the pattern of the first polarizing layer. 

16. The particle of any of paragraphs 9-15, comprising the second cladding 
layeir of material over the second polarizing layer. 

17. The particlie of paragraph 16, wherein the second cladding layer of 
material is extended over the part of the substrate cleared of the second polarizing 
layer. 

18. The particle of paragraph 17. wherein the outer surface of the second 
cladding layer is planarized. 
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19. The particle of any of paragraphs 16-18, wherein the second cladding 
layer is of a nhaterial with low light absorption In the light wavelength range used for 
coded particle detection. 

20. The particle of any of paragraphs 2-19, wherein a part of the substrate 
along the substrate edges is cleared of the polarizing material. 

21. The particle of any of paragraphs 1-19, wherein at least one polarizing or 
cladding layer is colored. 

22. The particle of any of paragraphs 1-21 , wherein the substrate thickness is 
in the range 0.01-1 mnii the polarizing layer thickness is in the range 0.1-100 microns, 
and the cladding layer thickness is in the range 1-300 microns. 

23. A method of fabrication of a particle with optically recognizable code, 
comprising the steps of application of, at least, one layer of polarizing material on a 
substrate and patterning the polarizing layer(s) in accordance with a code pattern. 

24. The method of paragraph 23, wherein the substrate material is chosen 
with low light absorption within the light wave range of polarization of the first polarizing 
maiterial. 

25. The method of paragraph 23 or 24, comprising patterning the polarizing 
layer(s) by focused light (laser) with the light wavelength within the range of polarization 
of the polarizing material, 

26. The method of any of paragraphs 23-25, comprising removal the 
polarizing material along the edge of the substrate. 
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27. The method of any of paragraphs 23-26, wherein two polarizing layers are 
applied oh the first substrate side, the polarization planes of the polarizing layers ai-e 
ohehted parallel to each bther. 

28. The method of any of paragraphs 23-26, wherein two polarizing layers are 
applied dh the first Substrate side, the polarization planes of the polarizinjg layers are 
oriented perpendicular to each other 

29. The method of any of paragraphs 23-26, wherieih the first polarizing layers 
is applied oh the first substrate side, the second pdlarizing layers is applied on the 
second substrate side, the polarization planes of the first and second polarizing layers 
are oriented parallel to each other. 

30. The method of any of paragraphs 23-26, wherein the first polarizing layers 
is applied cih the first substrate side, the second polariang layers is applied on the 
second substrate side, the polarization planes of the first and second polarizing layers 
are oriented perpendicular to each other. 

31. The method of any of paragraphs 23-30, comprising the step of 
application of, at least, one cladding laydr over the polarizing layer(s). 

32. The method of any of paragraphs 23-28, comprising the steps of: 
application of the first polarizing layer on the first side of the substrate; patterning of the 
first polarizing layer; applying the first cladding layer over the first polarizing layer; 
applying the secbrid polanzihg layer; and patterning the second polarizing layer. 

33. The method of paragraph 31 or 32, further comprising the step(s) of 
planarization of the cladding layer(s). 
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34. The method of paragraph 23, comprising the steps of: fabrication of 
plurality of substrates as a continuous sheet of the substrate material, application of, at 
least, one layer of polarizing tinaterial oh the substrate sheet, patterning of the polarizing 
layer(s) of every substrate, and singulation of the substrates from each other. 

35. The rhethdd of paragraph 34, comprising the steps of application of at 
least one cladding layer before singulation the substrates. 

36. The method of any of paragraphs 23, 24^ 40, and 41 comprising the steps 
of fomiing the substrate(s) by application of a layer of substrate material on a plate 
before application the first polarizing mat(3rial, and sepai-atioh of the substrate(s) from 
the plate after singulation. 

37. The method of paragraph 36, wherein the plate material is chosen with 
low light absorption within the light wave range of polarization of the polarizing material. 

38. The method of paragraph 36 or 37, comprisihg the step of substrate 
singulation by a focused light (laser) With a wavelength that provides high light 
absorption by the substrate material and low light absorption by the plate material. 

39. A method of fabrication of a particle with optically recognizable code, 
comprising the step of patterning a substrate, made of a material with light polarizing 
propertiiBS, by means of localized modification of the substrate light polarizing properties 
in accordance with a code pattern. 

40. The method of paragraph 39, wherein localized modification the substrate 
light polarizing properties is made by localized substrate material removal. 

41. The method of paragraph 39 or 40, wherein localized modification the 
substrate light polarizing properties is made by changing of polarization orientation 
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and/or randomization and/or, at least partial, destruction of the light polarizing 
components of the substrate material. 

42. The method of any of paragraphs 39-41, comprising the steps of: 
fabrication of plurality of substrates as a continuous sheet of the substrate material, 
localized modification the light polarizing properties of the substrate in accordance with 
a code pattern for every substrate, and singulation of the substrates from each other. 

43. A method of detection of a coded particle among a plurality of coded 
particles, randomly distributed on a surface, comprising the steps of: acquiring at least 
two images of the surface with particles using transmitted linearly polarized light, 
vy/herein the light polarization plane during every image acquisition is substantially non- 
parallel to the light polarization plane during another image acquisition, numerical 
combination of at least two images of the surface, and image recognition of the particle 
code. 

44. The method Of paragraph 43, wherein the light polarization plane during 
every image acquisition is substantially perpendicular to the light polarization plane 
during another image acquisition. 

45. A method of detection of a coded particle among a plurality of coded 
particles, randomly distributed on a surface, comprising the steps of: illuminating the 
surface with particles using transmitted linearly polarized light, wherein the light 
polarization plane is rotated with frequency F revolution per time unit; acquiring at least 
two images of the surface with particles, wherein the consequent image acquisitions are 
done with a time increment that is substantially different from 0.5*(1/F)*k, where k is an 
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integer; numerical combination of at least two images; and image recognition of the 
particle code. 

46. The method of paragraph 45, wherein the consequent image acquisitions 
are done with the time increment that is substantially equal to 0.5*(1/F)*(0.5*n+k), where 
n is the sequential number of the image, k is integer. 

47. The method of paragraph 45, wherein the consequent image acquisitions 
are done with the time incfehrient that is substantially equal to 0.5*(1/F)*(0.5*n/m+k), 
where n is the sequential number of the image, m is the number of images, k is integer. 

48. The particle of paragraphs 1-22 and/or the method of paragraphs 23-47, 
or any element, limitation, or feature thereof, in combination with any system, device, 
apparatus, method, assay, kit, or cohiposition, or any element, limitation, or feature 
thereof, disclosed in any of the patents or patent applications incorporated by reference 
herein, including but not limited to Serial No. 10/273,605, filed October 18, 2002. 

49. A kit including a particle of paragraphs 1-22 or 48 and/or directed to a 
method of paragraphs 23-48. 

The disclosure set forth above may encompass multiple distinct inventions with 
independent utility. Although each of these inventions has been disclosed in its 
preferred form(s), the specific embodiments thereof as disclosed and illustrated herein 
are not to be considered in a limiting sense, because numerous variations are possible. 
The subject matter of the inventions includes all novel and honobvious combinations 
and subcombinations of the various elements, features, functions, and/or properties 
disclosed herein. The following claims particularly point out certain combinations and 
subcombinations regarded as novel and nonobvlous. Inventions embodied in other 
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combinations and subcombinations of features, functions, elements, and/or properties 
may be claimed in applications claiming priority from this or a related application. Such 
claims, whether directed to a different invention or to the same invention, and whether 
broader, narrower, equal, or different in scope to the original claims, also are regarded 
5 as included within the subject matter of the inventions of the present disclosure. 
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